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ABSTRACT
The current limitations of qubit-based processors are caused by imperfections in quantum gates,
leading to a lack of gate fidelity. Gate fidelity can be refined by extending the coherence of
qubits and reducing logic operation speed. A potential solution is to develop a hybrid qubit that
has the coherence of electrically-controlled quantum dots and the gate speed of their opticallycontrolled counterparts. Quantum bits that utilize ultrafast optical gating to perform gate
operations require precise control of the gating pulse duration. Optical dispersion can cause
adverse effects pulse duration, such as pulse broadening, so dispersion-compensation techniques
must be employed; by properly managing dispersion in the gating pulses, the desired pulse
durations can be obtained. This thesis presents the theory behind optical manipulation of
quantum dots, proposed device designs based on ambipolar quantum dots, and a common
method for measuring ultrashort laser pulses based on intensity autocorrelation.

Keywords: ambipolar quantum dots, ultrafast optical gating, Rabi oscillation, Bloch sphere,
single-electron transistor, radio frequency reflectometry, intensity autocorrelation, group
velocity dispersion, group delay dispersion
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1. INTRODUCTION
The advancement of heavy-duty quantum computing technology currently relies on the
development of computer architecture designed around quantum gates to perform logic
operations. The primary limitations for such systems are caused by imperfect quantum gates,
especially in two-qubit entangling gates. This can be improved by extending coherence of the
qubit, reducing the processing time for a logic operation, or both. Qubits based on electron spins
confined to quantum dots are often designed in two separate ways: optically-controlled and
electrically-controlled. Optically-controlled quantum dots obtain fast gate speed using ultrashort
optical pulses but are hampered by short coherence; electrically-controlled quantum dots have
significantly slower gate speed but achieve longer coherence. The primary long-term objective of
this project is to merge the two methods using ambipolar double quantum dots, the purpose of
which is to allow the dots to be optically manipulated while maintaining the longer coherence of
electrically-defined dots.

1.1 THESIS MOTIVATION
It can be seen that these qubits require careful precision to function effectively for
computing applications. To properly manage the qubit, it will be manipulated using ultrafast
optical gating, with precise control over the optical pulse duration, which can be measured via
intensity autocorrelation [1]. This becomes especially crucial when components of a system can
unintentionally affect the pulse width, such as dispersive media. Conversely, dispersive media
can be used to intentionally broaden the pulse width if necessary. In measuring the effects of
such media on the pulse characteristics, the system can be more accurately modified for more
desirable behavior. The purpose of this thesis is to explore a common pulse-width measurement
technique and its application in determining the effects of dispersive media on ultrafast pulses.
1

1.2 ULTRAFAST OPTICAL GATING
It has previously been shown that ultrashort (picosecond) optical pulses can be used to drive
excitations in quantum dots [2]. In doing so at such short time scales, the gate operation time is
much shorter than the time at which quantum coherence is lost. The control of the two-level
quantum system is governed by light-atom interaction known as Rabi oscillation [3, 4]: the
exchange of energy between a two-level system and a driving resonant electromagnetic field.
1
0
Consider a two-level system with states |0⟩ = � � and |1⟩ = � �, then the state of the system
0
1
can be written as follows, where the coefficients 𝛼𝛼𝑖𝑖 ∈ ℂ:

|𝜓𝜓⟩ = 𝛼𝛼0 |0⟩ + 𝛼𝛼1 |1⟩, where |𝛼𝛼0 |2 + |𝛼𝛼1 |2 = 1

(1.1) and (1.2)

Above, the parameter |𝛼𝛼𝑖𝑖 |2 is said to be the probability that the system is in state |𝑖𝑖⟩. It is typical

to represent the above by utilizing the phase difference, 𝜙𝜙, between 𝛼𝛼0 and 𝛼𝛼1 and the constraint

provided by (1.2), where the following is obtained:

𝜃𝜃
𝜃𝜃
|𝜓𝜓⟩ = cos � � |0⟩ + 𝑒𝑒 𝑗𝑗𝑗𝑗 sin � � |1⟩
2
2

𝜃𝜃

|𝜓𝜓⟩

𝜙𝜙

Fig. 1: A two-level system state |𝜓𝜓⟩ represented on a Bloch sphere, with angles 𝜙𝜙 and 𝜃𝜃

2

(1.4)

The numbers 0 ≤ 𝜃𝜃 ≤ 𝜋𝜋 and 0 ≤ 𝜙𝜙 ≤ 2𝜋𝜋 define a point on the Bloch sphere (Fig. 1), that, from
(1.2), is seen to be a sphere of radius 1; the angles 𝜃𝜃 and 𝜙𝜙 correspond to the latitude and
longitude, respectively.

It is now seen that the Bloch sphere is used to visually represent the state of the system on
a unit sphere. Now, to alter the quantum state of the qubit, it is necessary to rotate the state vector
on the Bloch sphere. This is accomplished by inducing Rabi oscillations (Fig. 2) using a pulsed
electromagnetic field. In (1.4), the angle 𝜃𝜃 can be adjusted by applying a field at the resonant
frequency, ω𝑑𝑑 , for some time 𝑡𝑡, such that the desired rotation angle is met [5]:
|𝜓𝜓⟩ = cos �

𝜔𝜔𝑟𝑟 𝑡𝑡
𝜔𝜔𝑟𝑟 𝑡𝑡
� |0⟩ + 𝑒𝑒 𝑗𝑗ϕ sin �
� |1⟩
2
2

(1.5)

The Rabi frequency on resonance— that is, when the driving frequency 𝜔𝜔𝑑𝑑 is approximately
equal to the transition frequency 𝜔𝜔0 (=

Δ𝐸𝐸
ℏ

)— is characterized by the following:

ω𝑟𝑟 =

𝑞𝑞𝑒𝑒 𝐸𝐸𝑜𝑜
2𝑚𝑚𝑒𝑒 𝑐𝑐

(1.6)

where 𝐸𝐸𝑜𝑜 is the amplitude of the driving electromagnetic field, 𝑞𝑞𝑒𝑒 is the elementary charge, 𝑚𝑚𝑒𝑒 is

the electron mass, and 𝑐𝑐 is the speed of light [6, 7]:

Fig. 2: Rabi oscillation in state probability as a function of 𝜔𝜔𝑟𝑟 𝑡𝑡

3

As seen, by applying a pulsed laser at a resonant driving frequency, one can control the
probability that the qubit will be in a particular state. This can be utilized to carry out gate
operations on a qubit, much like classical gate operations. For example, if the initial state of the
system is |𝜓𝜓⟩𝑖𝑖 = |0⟩ and a pulse is applied with duration 𝑡𝑡 = 𝜋𝜋/𝜔𝜔𝑟𝑟 (a 𝜋𝜋-pulse):
𝜋𝜋
𝜋𝜋
|𝜓𝜓⟩𝑜𝑜 = cos � � |0⟩ + 𝑒𝑒 𝑗𝑗ϕ sin � � |1⟩ = |1⟩
2
2

(1.7)

From (1.7), the 𝜋𝜋-pulse is seen to be analogous to the classical NOT gate. By using other pulse
durations, superpositions of states can be created for further qubit gate operations.
For actual experiments, (1.6) needs to be modified to account for a pulsed
electromagnetic field, rather than a constant field. Typical pulse shapes to consider on the secant
hyperbolic laser and the Gaussian laser; for each, we can account for the pulse-dependence of the
Rabi frequency as follows:
sech2 : 𝜔𝜔𝑟𝑟 = 𝜔𝜔
�𝑟𝑟 sech(𝑡𝑡/𝜏𝜏0 )
2

𝑒𝑒 −𝑡𝑡 : 𝜔𝜔𝑟𝑟 = 𝜔𝜔
�𝑟𝑟 𝑒𝑒 −𝑡𝑡

2 /(2𝜏𝜏2 )
0

where 𝜔𝜔
�𝑟𝑟 is the peak Rabi frequency (using (1.6)), 𝑡𝑡 is the time, and 𝜏𝜏0 is the width of the pulse
[8, 9]. From this, we can see that the Rabi frequency is significantly dependent on the shape and

width of the driving pulse; therefore, with such short pulses, we need a precise way of measuring
the pulses.

1.3 PROPOSED DEVICE OPERATION
Quantum dots (QD) are nano-scale structures that confine electrons or holes. At this size, there
are a discrete number of electrons with a discrete spectrum of energy levels, much like natural

4

Fig. 3: Diagram of an ambipolar quantum dot (Image credit: Dr. Hugh Churchill)

atoms. In the case of ambipolar QDs (Fig. 3), there are two regions, implementing both n- and ptype on the same device, which provides the opportunity to confine either electrons or holes in
the QD [10]. When tied to electrical leads through tunnel junctions (Fig. 4), QDs are called
single-electron transistors (SETs) and are analogous to traditional field-effect transistors (FETs).
Like FETs, they have a source (through which electrons enter), drain (through which electrons
leave), and gate (which is used to control the accumulation of electrons or holes), and they
operate using the field effect; unlike FETs, however, they utilize Coulomb blockade to move
only one charge into and out of the QD at a time. The advantage that single-electron transistors
provide over traditional FETs is that the energy levels are evenly spaced by a separation of Δ𝐸𝐸;
this energy separation gives a QD capacitance 𝐶𝐶𝑄𝑄𝑄𝑄 [11]:
𝐶𝐶𝑄𝑄𝑄𝑄

𝑞𝑞𝑒𝑒2
=
Δ𝐸𝐸
5

(1.8)

The devices in this project use flakes of atomically-thin transition metal dichalcogenides
(TMDs), especially monolayer and bilayer tungsten diselenide (WSe2), which has become
increasingly common in the fields of optoelectronics and valleytronics in recent years [12].
These TMDs, dubbed ‘two-dimensional semiconductors’ due to their extraordinary thinness
(approximately 1.4 nanometers), are well-known for the strong spin-orbit interaction and valley
degrees of freedom in their electrons. [13]
The state of the qubit can be determined using a dispersive detection scheme in which a
tank circuit is coupled to the QD, such as in Fig. 5. This method utilizes radio frequency (RF)
reflectometry to indirectly measure changes in the QD capacitance in (1.8) [14, 15]. To
understand RF reflectometry, the SET circuit is considered to be the load of a lossless
transmission line. In transmission line theory, when a signal travels on a transmission line, it can
be reflected back when it encounters an impedance not equal to its characteristic impedance.
From this, the reflection coefficient is defined as the ratio of the complex voltage of the reflected
wave (𝑉𝑉 − ) to that of the incident wave (𝑉𝑉 + ) [16]:
Gate

𝑉𝑉𝐺𝐺

Tunnel
junctions

𝐶𝐶𝐺𝐺

Source

Drain

QD
+ 𝑉𝑉𝑆𝑆𝑆𝑆 −
Fig. 4. Diagram of a single electron transistor, where 𝑉𝑉𝐺𝐺 is the gate
voltage and 𝑉𝑉𝑆𝑆𝑆𝑆 is the source-drain voltage.
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𝑉𝑉 −
𝑉𝑉 +

(1.9)

𝑍𝑍𝐿𝐿 − 𝑍𝑍0
𝑍𝑍𝐿𝐿 + 𝑍𝑍0

(1.10)

Γ=

In terms of the load impedance and the characteristic impedance of the line, the reflection
coefficient can be calculated as:
Γ=

where 𝑍𝑍𝐿𝐿 is the load impedance and 𝑍𝑍0 is the line’s characteristic impedance. RF reflectometry is

based on impedance matching, where an LC tank circuit is placed in parallel to the SET load.

The tank circuit elements are chosen such that that the reflection coefficient Γ of the circuit is

minimized at the resonant frequency (1.11)—that is, there is no reflected signal (𝑍𝑍𝐿𝐿 = 𝑍𝑍0 , Γ = 0).
𝜔𝜔0 =

1

√𝐿𝐿𝐿𝐿

(1.11)

When a level transition occurs such that a capacitance change is obtained due to (1.8), then the

resonant frequency shifts and a reflected signal is obtained [17]. Using this, a state change in the
QD can be detected.

1.4 INTENSITY AUTOCORRELATION
As discussed in §1.2, the duration of the optical pulse determines the state of the qubit. A
common technique for measuring pulse duration is by using intensity autocorrelation, which
measures the intensity of the pulse versus time. To do so, the pulse is used to measure itself—
that is, the pulse is compared to a delayed version of itself and recombined in a nonlinear optical
medium. Consider an electric field 𝐸𝐸(𝑡𝑡), then the intensity of the field is given by
𝐼𝐼(𝑡𝑡) = |𝐸𝐸(𝑡𝑡)|2

(1.10)

The intensity autocorrelation is defined by the following, where 𝜏𝜏 represents the time delay:
7

∞

𝑔𝑔2 (𝜏𝜏) = � 𝐼𝐼(𝑡𝑡)𝐼𝐼(𝑡𝑡 + 𝜏𝜏)𝑑𝑑𝑑𝑑
−∞

(1.11)

Aftera)determining the autocorrelation function (ACF), an appropriate profile for the pulse can be
found, which determines the pulse width that will be obtained; typical fits for ultrashort laser
2

pulses are Gaussian (i.e., 𝑒𝑒 −𝑡𝑡 ) or sech2 𝑡𝑡. Autocorrelations for the former two functions are

shown in Fig. 6. The pulse width is defined as the full width at half maximum (FWHM) which
provides the width of the curve at half of its maximum intensity. By obtaining the pulse width of
b)
the autocorrelation
function of a certain best fit, the pulse width of the original laser pulse can be
determined. The relationships between the FWHM pulse width Δ𝑡𝑡𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 and the autocorrelation
function width Δ𝜏𝜏𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 for the respective pulses above are given below [18]:
sech2 𝑡𝑡 : Δ𝜏𝜏𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 1.54 Δ𝑡𝑡𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
2

𝑒𝑒 −𝑡𝑡 : Δ𝜏𝜏𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 1.41 Δ𝑡𝑡𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

Fig. 5: Pulses and their corresponding autocorrelation functions, where ‘a.u.’
represents ‘arbitrary units’: a) 𝑠𝑠𝑠𝑠𝑠𝑠ℎ2 (𝑡𝑡) pulse b) Gaussian pulse
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(1.12𝑎𝑎)

(1.12𝑏𝑏)

1.5 AUTOCORRELATOR OPERATION
The autocorrelator used for this project is the Mini TPA from APE. It operates by splitting the
incident light into two replicas of itself and delaying one, then recombining the two using a
nonlinear optical recombination method called two-photon absorption (TPA). The prerecombination stage is a simple Michelson interferometer (Fig. 7) with a variable delay that
allows for precise positioning of the moving mirror (on the order of sub-microns), which is
necessary to provide high-resolution for such small pulse durations. The detector shown below is
a semiconductor device, which generates a nonlinear TPA photocurrent in the semiconductor as
the Michelson interferometer’s output beam is focused on it. This photocurrent is then measured
versus varying delay, which is the autocorrelation function. The primary benefit of using TPA
rather than a common technique called second harmonic generation (SHG), is that the TPA does
not require realignment for tunable laser sources [19, 20].
Moving mirror

Beam splitter

Laser source

Fixed mirror

Detector
Fig. 6: Michelson interferometer used in autocorrelator
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1.6 PULSE DISPERSION
In many optical systems, especially systems that involve optical fibers, ultrafast pulses can suffer
broadening known as group velocity dispersion (GVD). The ultrashort laser pulses are composed
of several different-frequency waves traveling together. The group velocity of a wave is the
velocity with which the modulation envelope—that is, the overall shape of the wave—
propagates. However, because the refractive index 𝑛𝑛 of a medium is dependent on wavelength

(Eq. 1.13) [21], when the group travels through a dispersive medium, the different components
of the wave travel at different speeds (as is the definition of refractive index, Eq. 1.14):
𝑛𝑛2 (𝜔𝜔) = 1 +

𝑁𝑁𝑞𝑞𝑒𝑒2
1
2𝜋𝜋𝜋𝜋
� 2
� , where 𝜔𝜔 =
2
𝜖𝜖0 𝑚𝑚𝑒𝑒 𝜔𝜔0 − 𝜔𝜔
𝜆𝜆
𝑛𝑛 =

𝑐𝑐
𝑣𝑣

(1.13)
(1.14)

where 𝜔𝜔 is the angular frequency, 𝜔𝜔0 is the angular frequency in free space, 𝑁𝑁 is the molecular

density, 𝜖𝜖0 is the permittivity of free space, 𝑚𝑚𝑒𝑒 is the mass of an electron, 𝑐𝑐 is the speed of light
in free space, and 𝑣𝑣 is the speed of light in the material. For example, if white light travels

through some medium, it can be dispersed into its constituent frequencies (i.e., colors), due to
GVD. The group delay dispersion (GDD), Φ′′ , which is a quantitative parameter that describes

the chromatic dispersion of a medium, is described by the following, where only second-order
dispersion effects are considered [22]:
Φ′′ (𝜆𝜆) =

𝜆𝜆3 𝐿𝐿 𝑑𝑑2 𝑛𝑛
�
�
2𝜋𝜋𝑐𝑐 2 𝑑𝑑𝜆𝜆2

(1.15)

where 𝐿𝐿 is the length of the dispersive material. The effect of GDD on the width of an ultrafast
pulse is given below [23]:
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𝜏𝜏𝑜𝑜𝑜𝑜𝑜𝑜

= 𝜏𝜏𝑖𝑖𝑖𝑖 �1 + �

(4 ln 2)Φ''
�
2
𝜏𝜏𝑖𝑖𝑖𝑖

2

(1.16)

Above, 𝜏𝜏𝑖𝑖𝑖𝑖 is the input pulse duration and 𝜏𝜏𝑜𝑜𝑜𝑜𝑜𝑜 is the output pulse duration. The GDD is related
to the GVD parameter (𝐷𝐷𝜆𝜆 ) by the following:

Φ′′ = 𝐷𝐷𝜆𝜆 × 𝐿𝐿

(1.17)

Effects of GVD can be mitigated using GVD compensation, which is commonly accomplished
using chirped mirrors or a combination of diffraction gratings and mirrors [24, 25]. In positive
dispersion, the low-frequency components lead the high-frequency components; therefore, to

compress the pulse back to near its original width, negative dispersion must be introduced, where
the high-frequency components lead the low-frequency. An example of a grating-based pulse
compensator is shown in Figure 7. The grating pair diffracts the input pulse, and the lowerfrequency components (represented by the red arrow) must travel a longer optical path than the
higher-frequency (blue) components. However, at the output of Grating II, the beam is spatially

Fig. 7: A grating-based pulse compressor with a mirror [23]
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incoherent; to correct this, the beam is sent into a mirror that reflects the beam back into the
grating pair, which recombines the components.

2. EXPERIMENTAL METHODS
Prior to the University of Arkansas’ temporary closure of non-essential work caused by the
COVID-19 pandemic, the primary focus of this thesis was on device fabrication. However, due
to the lack of laboratory access and the trial-and-error nature of fabrication, it was deemed best
to shift to measurement methods for future use. For the sake of comprehensiveness, the initial
work on the project is included to provide insight into the project as a whole.

2.1 PREVIOUS WORK ON DEVICE FABRICATION
The structure of the devices used for this project are a similar to those used the group’s previous
project; however, the confining gates and accumulation gates have been reversed from their
typical configuration (accumulation gates on top, confining gates on bottom) to allow for optical
access from the top of the device and the accumulation gates have been reworked to confine both
electrons and holes in the QD (Fig. 8a). These gates are written onto the device using electron
beam lithography on a photoresist-coated substrate and deposited using metal evaporation. The
fabrication of the quantum dots depends on using flakes of WSe2 and hexagonal boron nitride
a)

b)

Fig. 8: a) Accumulation gates in AutoCAD b) Fully stacked device (Image credit: Jeb Stacy)
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(hBN) at appropriate thickness and with few defects to create high-quality devices. The
characteristics of the hBN flakes are determined using atomic force microscopy, which probes
the surface of the flakes to provide a topographic image. This is not necessary for WSe2, as its
photoluminescent properties allow its thickness to be verified optically.
During the fabrication period, the new accumulation gates were designed and written
onto a substrate. There were attempts to transfer an hBN flake onto the accumulation gates,
which ultimately failed. However, other members of the group have completed devices that
provide a good reference for what these devices look like (Fig. 8b).

2.2 AUTOCORRELATOR MEASUREMENT METHODS
The autocorrelator measurements took place in the Terahertz Lab at the University of Arkansas’
Engineering Research Center (ENRC) for their femtosecond laser. It is important to note that
their system includes a GVD compensator after about two meters of optical fibers. The optical
fibers are dispersive, so they significantly broaden the pulse. The introduction of the GVD
compensator allows the expected pulse width at the emitter and detector to be the same as that
out of the source. The autocorrelation and beam power were measured in three locations (Fig.
9a-c): directly out of the laser source, before their emitter, and before their detector (the purposes
of which are not relevant to this project). Each setup utilized two mirrors to divert the beam from
its original path in the system; by adjusting these, the laser’s alignment into the autocorrelator’s
aperture could be optimized for the best results. For the pulse dispersion measurements, a glass
plate was placed between the mirrors (Fig. 9d). It was necessary to ensure for each measurement
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that the laser was parallel to the optical table and that the laser input was near-orthogonal to the
aperture.

a)

b)

c)

d)

Fig. 9: Experimental setup for autocorrelator measurements a) directly out of laser source b) before the emitter
c) before the detector d) before the emitter, through glass plate (indicated with red arrow)
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(c),(d)

(a)

(b)
Fig. 10: Entire Terahertz setup with measurement locations from Fig. 9

3. RESULTS & DISCUSSION
The Mini TPA software provides the ACF of the pulse, as well as an option for a displaying
pulse fits with their mean-squared error (MSE). Additionally, it provides the FWHM width of the
ACF and the chosen pulse fit. For each, a Gaussian pulse fit was chosen to provide in the below
figures for its low MSE. However, both of the pulse fits in §1.5 will be further considered.

3.1 MEASUREMENTS OUT OF LASER SOURCE
The ACF FWHM pulse width was measured to be 127 fs out of the laser source (Fig. 10a),
which gives a laser pulse width of 92 fs using the given Gaussian fit. The raw data was also fitted
to the distributions in §1.5 using the fitdist function in MATLAB, with each being centered
about zero and normalized to provide a useful comparison (Fig. 10b-c). The shift and
normalization have no effect on the data of interest because the units of amplitude are not
important, just the relative FWHMs. The Gaussian distribution has a considerably lower MSE
and provides a pulse width that is much closer to the measured width. After using (1.12), it is
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a)

b)

c)

Fig. 11: Out of laser source a) Measured ACF with Gaussian fit;
Plotted autocorrelation data for b) Gaussian fit and c) 𝑠𝑠𝑠𝑠𝑠𝑠ℎ2 fit

found that the FWHM width of the ultrafast pulses are approximately 92 fs and 83 fs for the
Gaussian and sech2 fits, respectively. Using the conventional relative error method, these
correspond to a percentage error of 0% and 9.49%, respectively.

3.2 MEASUREMENTS BEFORE DETECTOR
The measured ACF width at the input of the detector was 134 fs, giving a laser pulse width of 96
fs (Fig. 11a). The Gaussian distribution (Fig. 11b) provides a close fit with an MSE of 3.58E-5,
and with an ACF FWHM of 135 fs, its equivalent laser pulse width (once again using Eq.
(1.12a)) is approximately 96 fs (0%). The sech2 fit (Fig. 11c) has more error, with an ACF
width of 131 fs, and thus a pulse width of 85 fs (11.02%). However, the autocorrelator
16

a)

b)

c)

Fig. 12: Before detector a) Measured ACF with Gaussian fit;
Plotted autocorrelation data for b) Gaussian fit and c) 𝑠𝑠𝑠𝑠𝑠𝑠ℎ2 fit

measurement itself does provide that the pulse width is only slightly broadened from the laser
source to the input of the detector due to group velocity dispersion in the system. This indicates
that the GVD compensator in the Terahertz system is properly compensating for the fibers’ pulse
dispersion.

3.3 MEASUREMENTS BEFORE EMITTER
The measured ACF before the emitter is shown in Figure 12(a). The ACF width and
corresponding laser pulse width were the same as those measured before the detector, at 134 fs
and 96 fs, respectively. Their similarity means that the pulse broadens about the same amount in
the path to the emitter as it does to the detector. The raw data’s Gaussian fit provided a similar
ACF pulse width, approximately 137 fs, which corresponds to a laser pulse width of 97 fs
17

a)

b)

c)

Fig. 13: Before emitter a) Measured ACF with Gaussian fit;
Plotted autocorrelation data for b) Gaussian fit and c) 𝑠𝑠𝑠𝑠𝑠𝑠ℎ2 fit

(1.82%). The sech2 fit provided a pulse width of 134 fs, which is representative of an optical
pulse width of approximately 87 fs (9.02%).

3.4 MEASUREMENTS BEFORE EMITTER, THROUGH GLASS PLATE
Placing the glass plate in the optical path provides an opportunity to measure the effects of group
velocity dispersion on the optical pulses. The GVD of the glass plate was unknown, but by
measuring the autocorrelation and comparing to the pulse width without the glass plate, the GVD
parameter 𝐷𝐷𝜆𝜆 can be determined as discussed in §1.7. The glass plate was placed in the same

path as the autocorrelator measurement before the emitter, which had a pulse width of 96 fs. The
measured ACF is provided in Figure 12(a) (ACF width: 220 fs, pulse width: 157 fs), with the

18

a)

b)

c)

Fig. 14: Before emitter through glass plate a) Measured ACF with Gaussian fit;
Plotted autocorrelation data for b) Gaussian fit and c) 𝑠𝑠𝑠𝑠𝑠𝑠ℎ2 fit

fitted raw data in Figure 12(b-c). The Gaussian and sech2 fits provided a laser pulse width of
158 fs (1.1%) and 144 fs (7.98%). Using the measured pulse width without the glass plate

(𝜏𝜏𝑖𝑖𝑖𝑖 ) and the measured pulse width with the glass plate (𝜏𝜏𝑜𝑜𝑜𝑜𝑜𝑜 ), the group delay dispersion of the
length of glass plate is calculated by manipulating (1.15):

2
𝜏𝜏𝑖𝑖𝑖𝑖
𝜏𝜏𝑜𝑜𝑜𝑜𝑜𝑜 2
��
Φ =
� −1
4 ln 2
𝜏𝜏𝑖𝑖𝑖𝑖
′′

′′
Φ𝐺𝐺𝐺𝐺
=

(96 fs)2 157 fs 2
��
� − 1 = 4301.41 fs2
4 ln 2
96 fs
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(3.1)
(3.1)

Fig. 15: Wavelength-dependent GVD for common optical glasses, 700-850 nm

Finally, using (1.16) and knowing that the glass plate was measured to be 12.8 centimeters in
length, the GVD parameter can be calculated:
𝐷𝐷𝜆𝜆,𝐺𝐺𝐺𝐺 =

′′
Φ𝐺𝐺𝐺𝐺
4301.41 fs2
fs2
=
= 33.6
Length
12.8 cm
mm

(3.2)

This value can be compared to common optical glasses in Fig. 15. As is apparent from (1.15) and
(1.16), the GVD is dependent on wavelength; Fig. 15 shows the GVD for the spectrum of
interest, which, for the laser in the Terahertz lab, is centered at 780 nm with a bandwidth of
about 10 nm. From 𝐷𝐷𝜆𝜆,𝐺𝐺𝐺𝐺 , it can be speculated that the glass used was most likely an FK51A or

fused silica optical glass.

4. CONCLUSION
The development of optically-gated ambipolar quantum devices can see qubits that
provide a solid combination of fast gate speed and long coherence time. For these qubits to be
controlled properly, the duration of the gating pulse must be precisely known. A method for
20

measuring pulse durations using intensity autocorrelation has been presented, as well as an
additional application that considers the effects of group velocity dispersion on pulse duration,
and how this occurs in complex systems. Future work on this project is heavily focused on
device fabrication and measurements, which can verify device operation and determine
characteristic behavior.
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